EMBEDDED SERVO PATTERNING METHODS AND APPARATUS 



BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

This invention relates generally to disk drives and recordable disks, and more 
particularly to embedded servo disk drives and their associated disks. 

D 

M 2. Description of the Related Art 

yj Consumer demand has been unrelenting for increased data storage capacity 

^ which can be made available to a computer user by a device having a physical profile 
q that is the same or smaller than previous devices which provide less capacity. Even as 
H" the ability to store more information in less space is provided, the demand for even 
% greater storage capacity in yet less space arises. There are two ways in which a 
manufacturer of a data storage unit can increase data storage capacity available to a 
user of a data storage device without increasing the size the of the storage medium 
within the device. First, the areal density can be increased. Areal density is the total 
number of bytes of information that can be stored per square inch of area on a storage 
20 medium. Second, the efficiency with which the medium is used can be increased. 
Efficiency is equal to the number of bytes of information which are available for use by 
the user, divided by the theoretical number of bytes that could be stored on the media 
if there were no area lost to overhead. 
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FIG. 1 is an illustration of the manner in which data is organized on a disk 103 in 
accordance with one particular type of direct access storage device (DASD), which is 
commonly utilized in an embedded servo disk drive. In accordance with disk 103 
shown in FIG. 1, data is organized in data cells 101 stored within tracks 102 on disk 103. 
5 The data is read and written by a read/ write head which is suspended over disk 103 as 
it rotates about a central axis through the center 104 of disk 103 and perpendicular to 
the plane of disk 103. Each track 102 is comprised of all the information stored on disk 

La. 

103 at a particular radial distance from center 104 of disk 103. Tracks 102 can be 

m identified either by the radial distance of the track from center 104 of disk 103 or by a 

O 

flat track number which is assigned sequentially to each track 102 starting at the track 
furthest from center 104 of disk 103. In order to use disk 103 in the most efficient 

iT7 manner, the tracks lie in close proximity to one another. For the sake of clarity, 

Q however, tracks 102 shown in FIG. 1 are spaced relatively far apart. The width of track 
102 is determined by the width of the read/ write head and the skew angle of the 

15 read/ write head (i.e., the angle of the longitudinal axis of the read/ write head with 
respect to a line parallel to the tangent of track 102) and the track misregistration 
tolerance of the head positioning servo. 

Each track 102 is divided by a plurality of conventional servo sample wedges 
107 into a plurality of data wedges 105 in which data is stored. Each servo sample 

20 wedge 107 consists of a plurality of servo samples which radially extend from the 
outermost to innermost positions on disk 103 in "servo sectors". In FIG. 1, disk 103 is 
shown to have seven (7) servo sample wedges 107. Each one of the servo samples in 
servo sample wedges 107 includes information used to determine the radial and 
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circumferential position of the read/ write head (i.e., the particular track 102 in a 
particular data wedge 105 over which the read/ write head is suspended at each point 
in time). U.S. Pat. No. 5,285,327 provides information related to servo sectors and is 
incorporated by herein by reference. The simple servo patterning shown in FIG. 1 
(where the servo samples are equally spaced apart and the number of servo samples is 
constant and independent of the radius) advantageously provides for a simple 
conventional servo detection scheme which utilizes a single fixed servo sampling 
frequency for detection. 

The portion of a track 102 which lies within one data wedge is hereinafter 
referred to as a "track wedge" 106. Each data cell 101 on disk 103 typically stores a 
uniform amount of information (512 bytes, for example). However, the track length 
(TL) varies as a function of the radial distance of the track from center 104 of disk 103. 
This is better illustrated in FIGs. 2 and 3. As shown in FIG. 2, the length of track 
portions within data wedges 105 are smaller at radius R3 than at radius Ri. In FIG. 3, 
track portions 302, 304, and 306 at an outer diameter (OD), a middle diameter (MID), 
and an inner diameter (ID), respectively, on disk 103 are shown in more detail. The 
squares in FIG. 3 represent servo samples (such as servo sample 308) and the rectangles 
in FIG. 3 represent data wedges (such as data wedge 310). Each data wedge in FIG. 3 
consist of one or more data sectors in which data is stored. FIGs. 4A-4C further 
illustrate track portions 302, 304, and 306, respectively, with respect to individual data 
sectors. As shown in FIG. 4A, track portions 302 at the OD have four (4) data sectors 
between each servo sample. Track portions 304 at the MID in FIG. 4B, however, have 
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only two and a half (2.5) data sectors between each servo sample. In FIG. 4C, track 
portions 306 carry only two (2) data sectors between each servo sample. 

As apparent, customer data storage is reduced at the ID due to the relatively 
large amount of storage area consumed by the servo sample data. If the number of 
servo sample wedges around the disk is chosen to be smaller, the area at the ID is 
advantageously freed up for customer data, but then track following by the read head 
at the OD becomes more difficult. Proper track following at the OD is already 
exacerbated by factors such as disk flutter, air turbulence, and servo control non- 
linearities such as those caused by actuator magnetic fields. These problems cause 
increased read data errors at the OD. Increased servo sampling around the disk would 
reduce the track following issues at the OD, but then the problem of decreased storage 
capacity at the ID would reemerge. If a smaller number of servo samples were 
positioned at the ID than at the OD in some arbitrary fashion, the complexity of the 
servo detector in the disk drive would undesirably be increased and make the detector 
if even practically viable — more costly. 

Accordingly, what are needed are embedded servo patterning methods and 
apparatus that provide for a relatively large amount of storage capacity at the ID (and 
less overhead), proper track following at the OD, and a relatively simple and cost- 
effective servo detection scheme in a disk drive. 
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SUMMARY OF THE INVENTION 
The present invention involves a recordable disk having a first plurality of Si 
servo sample wedges in a first servo zone at an outermost position on the disk, and a 
second plurality of S2 servo sample wedges in a second servo zone which is radially 
5 adjacent the first servo zone. The Si servo sample wedges of the first plurality are 
equally spaced apart circumferentially around the disk by a first angle 9i, and the S2 
servo sample wedges of the second plurality being equally spaced apart 
^ circumferentially around the disk by a second angle 02 = 0i * Ni. Advantageously, S2 = 
grj S1/N1 and the S2 servo sample wedges of the second plurality are in radial alignment 

f| with every Nith wedge of the Si servo sample wedges of the first plurality. Ni is an 

n i 

JL integer greater than or equal to two (2), and more particularly 2 < Ni < 10, but 

UK! Z 

[7 preferably Ni = 2. 

p Advantageously, the number of servo samples are increased at the outer position 

fu 

of the disk for improved track following without increasing the number of servo 
15 samples at the inner position which would undesirably decrease storage capacity, and 
no significant changes to servo detection hardware and software are required. 

The recordable disk may advantageously have additional servo zones patterned 
in the same manner. For example, the recordable disk may have a third plurality of S3 
servo sample wedges in a third servo zone which is radially adjacent the second servo 
20 zone. The S3 servo sample wedges of the third plurality may be equally spaced apart 
circumferentially around the disk by a third angle 9 3 = 62 * N 2 . S3 = S2/N2 and the S3 
servo sample wedges of the third plurality are in radial alignment with every N2th 
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wedge of the Si servo sample wedges of the second plurality. N2 is an integer greater 
than or equal to two (2), and more particularly 2 < N 2 < 10, but preferably N2 = 2. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a fuller understanding of the nature and advantages of the present 

invention, as well as the preferred mode of use, reference should be made to the 

following detailed description read in conjunction with the accompanying drawings: 

FIG. 1 is an illustration of a conventional disk (embedded servo type) for use in a 

conventional disk drive; 

FIG. 2 is an illustration of the conventional disk of FIG. 1, showing the 

decreasing size of data wedges from the outer diameter (OD) to the inner diameter (ID) 

of the disk; 

FIG. 3 is an illustration of track portions of the conventional disk of FIGs. 1 and 
2, showing track portions at the OD, the ID, and the middle diameter (MID) of the disk; 

FIGs. 4A-4C are illustrations of the track portions of the conventional disk of 
FIGs. 1-3 which further illustrate data sectors, where FIG. 4A shows track portions at 
the OD, FIG. 4B shows track portions at the MID, and FIG. 4C shows track portions at 
the ID; 

FIG. 5 is a schematic and illustrative diagram of a disk drive of the present 
invention; 

FIG. 6 is an illustration of one example of a recordable disk for use in the disk 
drive of FIG. 5; 
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FIG. 7 is an illustration of another example of a recordable disk for use in the 
disk drive of FIG. 5; 

FIG. 8 is an illustration of a servo writer attached to the disk drive of FIG. 5 for 
writing servo samples on a disk; 

FIG. 9 is an illustrative representation of a servo sample; 

FIGs. 10A-10C are illustrations of the track portions of the disk of FIG. 6 showing 
data sectors, where FIG. 10A shows track portions at the OD, FIG. 10B shows track 
portions at the MID, and FIG. IOC shows track portions at the ID; 

FIG. 11 is a flowchart describing a method of writing servo samples to a disk 
with use of the servo writer of FIG. 8; 

FIG. 12 is a flowchart describing a method of writing and reading information to 
and from a disk with use the disk drive of FIG. 5; and 

FIGs. 13-16 are additional examples of a disk for use in the disk drive of FIG. 5. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The following description is the best embodiment presently contemplated for 
carrying out the present invention. This description is made for the purpose of 
illustrating the general principles of the present invention and is not meant to limit the 
inventive concepts claimed herein. 

FIG. 5 is an illustration of a particular direct access storage device (DASD) in 
accordance with the present invention. In particular, the DASD of FIG. 5 is a sector 
servo magnetic disk drive 10 constructed in accordance with the present invention. 
However, it should be understood that the present invention may be used in any DASD 
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in which the storage medium is divided by servo sample wedges. The DASD shown in 
FIG. 5 is shown merely for illustrative purposes. General operation of disk drive 10 
will now be described. 

Disk drive 10 of FIG. 5 includes a storage medium 12 (or disk) that is rotated and 
a disk arm 14 that is moved radially across storage medium 12. Information is read 
and recorded from storage medium 12 as a sequence of transitions by an essentially 
conventional read/ write head 16. A channel chip 18 contains read control circuitry for 
the detection and decoding of the readback signal from head 16. Chip 18 also contains 
write control circuitry for the encoding and modulation of the write current from or to 
head 16. In addition, chip 18 detects servo sector fine tracking, track number, and servo 
sector number information that corresponds to the disk track over which head 16 is 
actually located. Servo decoder 20 provides the track identification number to a servo 
controller 22 and, in response, servo controller 22 controls movement of disk arm 14. 
Servo controller 22 also provides the sector count information to data channel 38 in a 
conventional manner and, in response, data channel 38 generates the correctly timed 
read and/ or write gates for its control. 

In one embodiment, the readback signal produced by head 16 is provided to an 
arm electronics ("AE") 24 mounted on servo arm 14. AE 24 performs two functions. 
First, AE 24 provides a fast, high current write pulse for driving recording head 16 
when data is being written. Second, AE 24 amplifies the read back signal from head 16 
and provides the amplified signal over a pre-amplifier output line 26 to channel chip 
18. In channel chip 18, the signal is preferably received at an automatic gain control 
(AGC) circuit 28 that adjusts the gain applied to the servo signal to maintain the signal 
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amplitude within a range that is predetermined to simplify information processing, 
reduce noise, and improve system linearity. The amplified signal from AGC circuit 28 
is provided over an AGC output line 30 to a data channel circuit 38 and servo decoder 
20. 

5 Data channel circuit 38 processes the signal provided by AGC 28 to reproduce 

user data recorded on storage medium 12 and provides such data to a disk controller 
40. In one embodiment of the present invention, data channel 38 includes a signal 

2 equalizer for preconditioning the analog data signal and a data separator for converting 
1 2 the equalized data signal into ones and zeros synchronous to a channel clock signal. 

f§ j From disk controller 40, the user data is provided to a data bus 42, where the data is 

f|j 

3 received by a host computer processor 44. Servo decoder 20 receives the output from 

0 

AGC circuit 28, produces the disk track and servo sector identification numbers, and 

pa 

H : i 

S provides these numbers to servo controller 22. Servo decoder 20 may include a signal 

rii 

equalizer for preconditioning the analog servo signal and a position error signal (PES) 
15 demodulator which receives AGC 28 output and produces a PES which is coupled to 
servo controller 22. Servo controller 22 uses the servo sector identification number to 
control the timing of data channel 38, uses the track identification number to move 
head 16 to a desired track in a track seek operation and uses the PES to maintain head 
16 centered over a track in a track following operation. 
20 Disk controller 40 receives requests for reading and recording data on storage 

medium 12 from host computer 44 and thereby determines a desired disk track number 
at which to position read/ write head 16. Disk controller 40 generates control signals to 
position read/ write head 16 over for the desired track, and provides the control signals 
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to servo controller 22. The control signals cause movement of disk arm 14 radially 
across storage medium 12 during track seek and track following by causing servo 
controller 22 to provide servo signals to a voice controlled motor (VCM) driver 46. 
VCM driver 46 generates servo control signals to control a VCM servo 48 that moves 
5 disk arm 14. Servo controller 22 also provides drive signals to a spindle motor driver 
50, which generates spindle control signals to control a drive motor 52 that controls 
rotation of storage medium 12. Servo controller 22 uses the servo sector identification 

iu number to control the timing of data channel 38. 

D 

Q The servo information read by read/ write head 16 is recorded at a 

if predetermined location in each track of storage medium 12. In FIG. 4, a pair of 

fli 

fj concentric circular lines 54a, 54b designate a single track 54 of storage medium 12. 

O Only one servo track is shown in FIG. 4 for simplicity of illustration. Each track 

9 SS7 

includes several track wedges 62, each spaced apart from two adjacent track wedges 62 
il by a servo sample 60. Each of track wedges 62 which lie within the boundaries of two 
15 adjacent servo samples 60 form a data wedge 56. The readback signal generated by 
read/write head 16 when it reads track 54 represents servo information when head 16 
is over a servo sector 61 which includes each servo sample 60, which is located at the 
same angular location on the medium. 

Likewise, the readback signal generated by the read/ write head 16 represents 
20 data channel information when over a track wedge 62. Data in each track wedge 62 is 
formatted in data cells. Tracks 54 are grouped into data zones in which the data 
written to each of tracks 102 within the same data zone is written at a constant rate 
determined by a data clock. Accordingly, each track 54 within the same data zone has 
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the same number of data cells. It should be noted that since each track 54 within a data 
zone is has the same number of data cells, each track wedge within a particular data 
zone and a particular data wedge 56 also has the same number of data cells. However, 
the bit density of each track wedge varies as a function of the radial distance of the 

5 track wedge from the center 52 of storage medium 12. 

FIG. 6 is an illustration of the manner in which data is organized on a recordable 
storage medium 12 for use an embedded servo disk drive such as drive drive 10 of FIG. 

D 5. In accordance with storage medium 12 of FIG. 6, data is organized in data cells 601 
stored within tracks 602 on storage medium 12. The data is read and written by a 

m read/ write head which is suspended over storage medium 12 as it rotates about a 

?5 2 
s ?_2 

= central axis through a center 604 of storage medium 12 and perpendicular to the plane 
of storage medium 12. Each track 602 is comprised of all the information stored on 
3* storage medium 12 at a particular radial distance from center 604 of storage medium 

ry 

12. Tracks 602 can be identified either by the radial distance of the track from center 
15 604 of storage medium 12, or by a track number which is assigned sequentially to each 
track 602 starting at the track furthest from center 604 of storage medium 12. In order 
to use storage medium 12 in the most efficient manner, the tracks lie in close proximity 
to one another. For the sake of clarity, however, tracks 602 shown in FIG. 6 are spaced 
relatively far apart. The width of a track 602 is determined by the width of the 
20 read/ write head and the skew angle of the read/ write head (i.e., the angle of the 
longitudinal axis of the read/ write head with respect to a line parallel to the tangent of 
the track 602) and the track misregistration tolerance of the head positioning servo. 
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Each track 602 is divided by a plurality of servo sample wedges 607 into a 
plurality of data wedges 605 in which data is stored. Each servo sample wedge 607 
consists of a plurality of servo samples stored in servo sectors. Each one of the servo 
samples in servo sample wedges 607 includes information used to determine the radial 
5 and circumferential position of the read/ write head (i.e., the particular track 602 in a 
particular data wedge 605 over which the read/ write head is suspended at each point 
in time) (see later discussion in relation to FIG. 9). The portion of a track 602 which lies 

P~ within one data wedge is hereafter referred to as a "track wedge" 606. Each data cell 

D 

y 601 on storage medium 12 typically stores a uniform amount of information (512 bytes, 

ffl for example). The track length (TL) varies as a function of the radial distance of the 

1 y track from center 604 of storage medium 12. 

3 

m A first "servo zone" lies within an outermost position 650 and an intermediate 

kj position 652 on storage medium 12, and a second "servo zone" lies within intermediate 
ry position 652 and an innermost position 654 on storage medium 12. The first servo zone 
15 has a first plurality of Si servo sample wedges 620 (such as wedges 622, 624, and 626), 
and the second servo zone has a second plurality of S2 servo sample wedges 630 (such 
as wedges 632 and 634). In the specific example shown in FIG. 6, Si is fourteen (14) and 
S2 is seven (7). 

As shown, S2 servo sample wedges of the second plurality 630 are in radial 
20 alignment with every Nith wedge of the Si servo sample wedges of the first plurality 
620. In this specific example, Ni = 2, and therefore S2 servo sample wedges of the 
second plurality 630 are in radial alignment with every other wedge (i.e., every 2nd 
wedge) of the Si servo sample wedges of the first plurality 620. More particularly, for 
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example, Si wedge 622 is in radial alignment with & wedge 632 and Si wedge 626 is in 
radial alignment with S2 wedge 634, whereas Si wedge 624 is not in radial alignment 
with any S2 wedge. Also, Si servo sample wedges of the first plurality 620 are equally 
spaced apart circumferentially around storage medium 12 by a first angle 9i, whereas 
5 S2 servo sample wedges of the second plurality 630 are equally spaced apart 
circumferentially around storage medium 12 by a second angle 8 2 = 0i * Ni. In this 
specific example, 9i = 360/Si - 360/14 = 25.7 degrees and therefore 9 2 = 0i * Ni = 25.7 * 

p 2 = 51.4 degrees. Ni is an integer greater than or equal to two, and more particularly 2 

O 

M < Ni < 10, but preferably Ni = 2. 

: PS 

W In the example of FIG. 6, the relatively low numbers of Si = 14 and S2 = 7 are 

1 y 

used to better illustrate the embedded servo patterning. In practice, however, these 
ffj numbers are much greater. For example, in personal computers (PCs) where disk 
W speeds of 5400-7200 revolutions per minute (RPMs) are utilized, typical numbers of 
;y servo sample wedges are 50 at the ID and 100 at the OD; in server-class applications 
15 where disk speeds of 10K-15K RPMs are utilized, typical numbers of servo sample 
wedges are 200 at the ID and 400 at the OD. 

Another example of a storage medium 700 is shown in FIG. 7. Storage medium 
700 has three servo zones. Storage medium 700 has an outermost circumferential 
position 702, a first intermediate circumferential position 704, a second intermediate 
20 circumferential position 706, and an innermost circumferential position 708, where first 
intermediate position 704 lies in between outermost and second intermediate positions 
702 and 706, and where second intermediate position 706 lies within first intermediate 
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position 704 and innermost position 708. A first servo zone lies within outermost 
position 702 and first intermediate position 704, a second servo zone, lies within first 
intermediate position 704 and second intermediate position 706, and a third servo zone 
lies within second intermediate position 706 and innermost position 708. The first 

5 servo zone has a first plurality of Si servo sample wedges 710 (such as wedges 712, 714, 
and 716), the second servo zone has a second plurality of S2 servo sample wedges 720 
(such as wedges 722, 724, and 726), and the third servo zone has a third plurality of S3 

C servo sample wedges 730 (such as wedges 732 and 734). In the specific example shown 

s jjj in FIG. 6, Si is twenty-eight (28), S2 is fourteen (14), and S3 is seven (7). 
§| S2 servo sample wedges of the second plurality 720 are in radial alignment with 

every Nith wedge of the Si servo sample wedges of the first plurality 710. In this 

y specific example, Ni = 2, and therefore S2 servo sample wedges of the second plurality 
720 are in radial alignment with every other wedge (i.e., every 2nd wedge) of the Si 

TSSSS- 

fU 

servo sample wedges of the first plurality 710. More particularly, for example, Si 
15 wedge 712 is in radial alignment with S2 wedge 722 and Si wedge 716 is in radial 
alignment with S2 wedge 724, whereas Si wedge 714 is not in radial alignment with any 
S2 wedge. 

In addition, S3 servo sample wedges of the second plurality 730 are in radial 
alignment with every N2th wedge of the S2 servo sample wedges of the second plurality 
20 720. In this specific example, N 2 = 2, and therefore S3 servo sample wedges of the third 
plurality 730 are in radial alignment with every other wedge (i.e., every 2nd wedge) of 
the S2 servo sample wedges of the second plurality 720. More particularly, for example, 
S2 wedge 722 is in radial alignment with S3 wedge 732 and S2 wedge 726 is in radial 
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alignment with S3 wedge 734, whereas S2 wedge 724 is not in radial alignment with any 
S3 wedge. 

Si servo sample wedges of the first plurality 710 are equally spaced apart 
circumferentially around storage medium 700 by a first angle 9i, whereas S2 servo 
sample wedges of the second plurality 720 are equally spaced apart circumferentially 
around storage medium 700 by a second angle O2 = 61 * Ni, and whereas S3 servo 
sample wedges of the third plurality 730 are equally spaced apart circumferentially 
around the disk by a third angle 83 = 9 2 * N 2 . In this specific example, 9 a = 360/ Ni = 
360/28 = 12.9 degrees and therefore 0 2 « 0i * N x = 12.9 * 2 = 25.7 degrees and 9 3 = 0 2 * N 2 
= 25.7*2 = 51.4 degrees. 

The embedded servo patterning may be described in another way. For example, 
consider storage medium 12 in FIG. 6. Storage medium 12 has a first plurality of Si 
servo sample wedges (i.e., the radially longest ones) and a second plurality of servo 
sample wedges (i.e., the radially shortest ones). The first plurality of Si servo sample 
wedges are equally spaced apart circumferentially around the disk, where each wedge 
of the first plurality of Si servo sample wedges contiguously radially extends from 
outermost position 650 on storage medium 12 to innermost position 654. The second 
plurality of S 2 servo sample wedges are equally spaced apart circumferentially around 
the disk and interleaved with the first plurality of Si servo sample wedges, where each 
wedge of the second plurality of S 2 servo sample wedges contiguously radially extends 
from outermost position 650 on storage medium 12 to intermediate position 652 on 
storage medium 12. 
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Referring now to FIGs. 10A-10C, track portions 1000, 1002, and 1004 of storage 
medium 12 are shown. The squares in FIGs. 10A-10C represent servo samples (such as 
a servo sample 1006) and the rectangles in FIGs. 10A-10C represent data sectors (such 
as a data sector 1008). Each data sector in FIGs. 10A-10C stores a predetermined 
5 amount of customer information (e.g., 512 bytes), plus additional data fields used by 
the read/ write system (30-40 bytes) and the error correcting system (40-80 bytes) as 
well as a pad or flush field (2-10 bytes). For data blocks that are split across servo 
#3 samples, this read/write overhead is repeated. Avoiding split data blocks across servo 
\J samples increases the number of data blocks that can be written on the disk. As shown 
|f in FIG. 10A, track portion 1000 at an outer diameter (OD) has four (4) data sectors 
1* between each servo sample. Track portion 1002 at a middle diameter (MID) in FIG. 10B 
fy has two and a half (2.5) data sectors (using split cells) between each servo sample. In 
UJ FIG. 10C, however, track portion 1004 at an inner diameter (ID) carries four (4) data 

era s 

; - sectors between each servo sample. Thus, customer data storage capacity is increased 
15 at the ID (overhead is reduced), especially compared with track portions of FIGs. 4A- 
4C. 

As described earlier above, each servo sample wedge is formed of a plurality of 
servo samples which radially extend across the disk. FIG. 9 is an illustrative 
representation of the information contained in a single servo sample 900. Servo sample 
20 900 includes a write-to-read recovery field 902, an automatic gain control (AGC) field 
904, a Servo Address Mark (SAM) field 906, a Track Identifier field 908, a bit pad field 
910, a plurality of servo burst fields 912, and a head switch pad field 914. In this 
embodiment, the plurality of servo burst fields 912 include a first servo burst A 916, a 

SJO920010193US1 - Dunn et al 16 



second servo burst B 918, a third servo burst C 920, and a fourth servo burst D 922. 

Referring now to FIG. 8, a servo writer 802 which is attached to disk drive 10 is 
shown. After or as part of the manufacturing of disk drive 10, servo writer 802 is 
employed to write servo samples around storage medium 12. Conventional hardware 

5 components of servo writer 802 include a controller 804 and a positioning arm 806 (or 
"pusher probe") which is attachable to arm 14 of disk drive 10. In response to software 
instructions which are embodied in memory of controller 804, controller 804 controls 

If the position of positioning arm 806 (which precisely moves arm 806 of disk drive 10) 

H and the exact locations at which servo samples are written on storage medium 12. The 
If I software instructions of servo writer 802 are described later in relation to the flowchart 

ftj of FIG. 11, which cause the servo patterns described herein (e.g., FIGs. 6-7 and FIGs. 13- 

y 16) to be written on storage medium 12. 

7J FIG. 11 is a flowchart which describes a method of writing servo samples to a 

ffj disk using servo writer 802 of FIG. 8. FIGs. 8 and 11 are now referred to in 
15 combination. Beginning at a start block of FIG. 11, controller 804 determines whether 
the head position in disk drive 10 should be within a first servo zone defined by a first 
group of tracks (e.g., tracks 0-100) (step 1102). If so, controller 804 moves positioning 
arm 806 such that arm 14 of disk drive 10 moves within the first servo zone, and causes 
Ni servo samples to be written on each track within the first servo zone, one at every 
20 predetermined disk angle 0i (step 1104). 

If the head position should not be within the first servo zone in step 1102, then 
controller 804 determines whether the head position in disk drive 10 should be within a 



SJO920010193US1 - Dunn et al 



second servo zone defined by a second group of tracks (e.g., tracks 101-200) (step 1112). 
If so, controller 804 moves positioning arm 806 such that arm 14 of disk drive 10 moves 
within the second servo zone, and causes N 2 servo samples to be written on each track 
within the second servo zone, one at every predetermined disk angle 02 = 0i * Ni and 
5 aligned with every Nith servo sample of the first servo zone (step 1114). If the head 
position should not be within the second servo zone at step 1112, then controller 804 
determines whether the head position in disk drive 10 should be within a third servo 
5j zone defined by a third group of tracks (e.g., tracks 201-300) (step 1116). If so, 
jjj controller 804 moves positioning arm 806 such that arm 14 of disk drive 10 moves 
A within tihe third servo zone, and causes N3 servo samples to be written on each track 

ru 

;L within the third servo zone, one at every predetermined disk angle 0 3 = 62 * N2 and 

LI aligned with every N 2 th servo sample of the second servo zone (step 1118). 

Ly 

O When servo writer is finished writing servo samples on storage medium 12 (step 

1108), the flowchart ends at an end block 1110; otherwise, the flowchart starts again at 

15 step 1102. When end block 1110 is reached, the result is a disk which has the servo 
patterns described herein, for example, those described in relation to FIGs. 6, 7, 13, 14, 
15, and 16. 

Thus, a first plurality of Si servo sample wedges, a second plurality of S2 servo 
sample wedges, and a third plurality of S3 servo sample wedges were written to storage 
20 medium 12 by the method of FIG. 11. The first plurality of servo sample wedges are in 
a first servo zone at an outermost position on the recording disk, the second plurality of 
S2 servo sample wedges are in a second servo zone which is radially adjacent the first 
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servo zone, and the third plurality of S3 servo sample wedges are in a third servo zone 
which is radially adjacent the second servo zone. The S2 servo sample wedges of the 
second plurality are in radial alignment with every Nith wedge of the Si servo sample 
wedges of the first plurality, where Si, S2, and Ni are integers > 2 and S2 = S1/N1. 
Preferably, Ni = 2. The S3 servo sample wedges of the third plurality are in radial 
alignment with every N 2 th wedge of the S2 servo sample wedges of the second 
plurality, where S3 is an integer and S3 = S2/N2. Preferably, N2 = 2. The Si servo 
sample wedges of the first plurality are equally spaced apart circumf erentially by a first 
angle 81; the $2 servo sample wedges of the second plurality are equally spaced apart 
circumferentially by a second angle 62, where 02 = 61 * Ni; and the S3 servo sample 
wedges of the third plurality are equally spaced apart circumferentially by a third 
angle 9 3 , where 0 3 = 02 * N 2 . 

FIG. 12 is a flowchart which describes a method of writing and reading 
information to and from a disk (such as storage medium 700 of FIG. 7) using disk drive 
10 of FIG. 5. FIGs. 5 and 12 are now referred to in combination. Disk drive 10 is either 
in a write mode or a read mode of operation; however, for proper track following disk 
drive 10 will always read servo samples from storage medium 700 regardless of 
whether disk drive 10 is in a write or read mode. Beginning at a start block 1200, disk 
controller 40 determines whether the head position is within a first servo zone defined 
by a first group of tracks (e.g., tracks 0-100) (step 1202). If so, disk controller 40 causes 
die reading or writing of customer data in a data track over an angle of revolution 0i 
(or an actual arcuate distance of 27ir0i/36O) around storage medium 700 (step 1204). 
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The track information is obtained by reading the track identification (TID) from the 
disk. The head position information is determined by reading the servo burst 
information (e.g., such as servo bursts 916, 918, 920, and 922 in FIG. 9). 

If the head position is not within the first servo zone at step 1202, then controller 
804 determines whether the head position is within a second servo zone defined by a 
second group of tracks (e.g., tracks 101-200) (step 1212). If so, disk controller 40 
controls causes the reading or writing of customer data in a data track over an angle of 
revolution 0 2 = 8i * Ni (or an actual arcuate distance of 2Tcr9 2 /360) around storage 
medium 700 (step 1114). If the head position is not within the second servo zone at step 
1212, then disk controller 40 determines whether the head position is within a third 
servo zone defined by a third group of tracks (e.g., tracks 201-300) around storage 
medium 700 (step 1216). If so, disk controller 40 causes the reading or writing of 
customer data in a data track over an angle of revolution 63 = 62 * N2 (or an actual 
arcuate distance of 27tr63 /360) (step 1218). Once the customer data is read from or 
written to the track (i.e., once the appropriate angle has been traversed by either step 
1204, 1214, or 1218), a servo sample is read from storage medium 700 at the new head 
position (step 1206). Disk drive 10 uses the servo sample information to perform a 
track following operation. When the reading or writing customer data is complete 
(step 1208), the flowchart ends at an end block 1210; otherwise, the flowchart starts 
again at step 1202. 

Thus, disk drive 10 performs track following based on detecting Si servo 
samples per disk revolution in the first servo zone, performs track following based on 
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detecting S1/N1 servo samples per disk revolution in the second servo zone, and 
performs track following based on detecting S2/N2 servo samples per disk revolution in 
the third servo zone (where S2 = S1/N1 and S3 = S2/N2, and Si, S2, S3, Ni, and N 2 are 
integers > 2). 

The relationship between servo samples in different servo zones as described 
herein allows for simple servo detection from servo zone to servo zone during read and 
write modes of operation. The servo detector of disk drive 10 is configured to operate 
at the maximum servo sampling frequency to accommodate the servo zone at the 
outermost position of the disk (i.e., first servo zone) as in conventional operation. For 
the adjacent servo zone (i.e., second servo zone), the servo detector operates in the same 
manner except that it reads and causes the processing of only every Nith position at 
which a servo sample appears in the first servo zone. Where Ni = 2, for example, every 
other servo position is merely "skipped" or ignored in the second servo zone. For the 
next adjacent servo zone (i.e., third servo zone), the servo detector reads and causes the 
processing of only every N2th position at which a servo sample appears in the second 
servo zone (or, put another way, only every (Ni * N2)th position at which a servo 
sample appears in the first servo zone). Where Ni = N2 = 2, for example, every 4th 
servo position is merely "skipped" or ignored in the third servo zone. 

An example of a recordable disk 1300 of an alternate embodiment is shown in 
FIG. 13. Disk 1300 has an outermost circumferential position 1302, an intermediate 
circumferential position 1304, and an innermost circumferential position 1306, where 
intermediate position 1304 lies in between outermost and innermost positions 1302 and 
1306. A first servo zone lies within outermost position 1302 and intermediate position 
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1304, and a second servo zone lies within intermediate position 1304 and innermost 
position 1306. The first servo zone has a first plurality of Si servo sample wedges 1310 
(such as wedges 1312, 1314, and 1316), and the second servo zone has a second 
plurality of S2 servo sample wedges 1320 (such as wedges 1322 and 1324), In the 
5 specific example shown in FIG. 13, Si is twelve (12) and S2 is six (6). S2 servo sample 
wedges of the second plurality 1320 are in radial alignment with every Nith wedge of 
the Si servo sample wedges of the first plurality 1310. In this specific example, Ni = 2, 
kL . and therefore S2 servo sample wedges of the second plurality 1320 are in radial 
y alignment with every other wedge (i.e., every 2nd wedge) of the Si servo sample 
ifi wedges of the first plurality 1310. More particularly, for example, Si wedge 1312 is in 
yi radial alignment with S2 wedge 1322 and Si wedge 1316 is in radial alignment with S2 
■q wedge 1324, whereas Si wedge 1314 is not in radial alignment with any S2 wedge. 
M= Also, Si servo sample wedges of the first plurality 1310 are equally spaced apart 
ir{ circumferentially around disk 1300 by a first angle 81, whereas $2 servo sample wedges 
15 of the second plurality 1320 are equally spaced apart circumferentially around the disk 
by a second angle 0 2 = 0i * Ni. In this specific example, 9i = 30 degrees and therefore 0 2 
= 9i * Ni = 30 * 2 = 60 degrees. 

Another example of a recordable disk 1400 is shown in FIG. 14. Disk 1400 has an 
outermost circumferential position 1402, an intermediate circumferential position 1404, 
20 and an innermost circumferential position 1406, where intermediate position 1404 lies 
in between outermost and innermost positions 1402 and 1406. A first servo zone lies 
within outermost position 1402 and intermediate position 1404, and a second servo 
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zone lies within intermediate position 1404 and innermost position 1406. The first 
servo zone has a first plurality of Si servo sample wedges 1410 (such as wedges 1412, 
1414, and 1416), and the second servo zone has a second plurality of S2 servo sample 
wedges 1420 (such as wedges 1422 and 1424). In the specific example shown in FIG. 14, 
5 Si is twelve (12) and S2 is four (4). S2 servo sample wedges of the second plurality 1420 
are in radial alignment with every Nith wedge of the Si servo sample wedges of the 
first plurality 1410. In this specific example, Ni = 3, and therefore S2 servo sample 

sasg 

D wedges of the second plurality 1420 are in radial alignment with every 3rd wedge of 

N the Si servo sample wedges of the first plurality 1410, More particularly, for example, 

yl 

5ft Si wedge 1414 is in radial alignment with S2 wedge 1422 and Si wedge 1416 is in radial 
!T alignment with S2 wedge 1424, whereas Si wedge 1412 is not in radial alignment with 
fU any S2 wedge. Also, Si servo sample wedges of the first plurality 1410 are equally 
spaced apart circumferentially around disk 1400 by a first angle 0i, whereas S2 servo 
sample wedges of the second plurality 1420 are equally spaced apart circumferentially 
15 around the disk by a second angle G 2 = 0i * Ni. In this specific example, 61 = 30 degrees 
and therefore 9 2 = 81 * Ni = 30 * 3 = 90 degrees. 

Even another example of a recordable disk 1500 is shown in FIG. 15. Disk 1500 
has an outermost circumferential position 1502, an intermediate circumferential 
position 1504, and an innermost circumferential position 1506, where intermediate 
20 position 1504 lies in between outermost and innermost positions 1502 and 1506. A first 
servo zone lies within outermost position 1502 and intermediate position 1504, and a 
second servo zone lies within intermediate position 1504 and innermost position 1506. 
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The first servo zone has a first plurality of Si servo sample wedges 1510 (such as 
wedges 1512, 1514, and 1516), and the second servo zone has a second plurality of S2 
servo sample wedges 1520 (such as wedges 1522 and 1524). In the specific example 
shown in FIG. 15, Si is twelve (12) and S2 is three (3). $2 servo sample wedges of the 

5 second plurality 1520 are in radial alignment with every Nith wedge of the Si servo 
sample wedges of the first plurality 1510. In this specific example, Ni = 4, and 
therefore S2 servo sample wedges of the second plurality 1520 are in radial alignment 

M with every 4th wedge of the Si servo sample wedges of the first plurality 1510. More 
particularly, for example, Si wedge 1514 is in radial alignment with S2 wedge 1524 and 

ik Si wedge 1516 is in radial alignment with S2 wedge 1522, whereas Si wedge 1512 is not 

H y 

fy in radial alignment with any S2 wedge. Also, Si servo sample wedges of the first 
Jfj plurality 1510 are equally spaced apart circumferentially around disk 1500 by a first 
angle 0i, whereas S2 servo sample wedges of the second plurality 1520 are equally 
fy spaced apart circumferentially around the disk by a second angle 6 2 = 61 * Ni. In this 
15 specific example, 0i « 30 degrees and therefore 0 2 = 0i * Ni = 30 * 4 = 120 degrees. 

A final example of a recordable disk 1600 is shown in FIG. 16. Disk 1600 has an 
outermost circumferential position 1602, an intermediate circumferential position 1604, 
and an innermost circumferential position 1606, where intermediate position 1604 lies 
in between outermost and innermost positions 1602 and 1606. A first servo zone lies 
20 within outermost position 1602 and intermediate position 1604, and a second servo 
zone lies within intermediate position 1604 and innermost position 1606. The first 
servo zone has a first plurality of Si servo sample wedges 1610 (such as wedges 1612 
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and 1614), and the second servo zone has a second plurality of S2 servo sample wedges 
1620 (such as wedge 1622). In the specific example shown in FIG. 16, Si is twelve (12) 
and S2 is two (2). S2 servo sample wedges of the second plurality 1620 are in radial 
alignment with every Nith wedge of the Si servo sample wedges of the first plurality 
1610. In this specific example, Ni = 6, and therefore S2 servo sample wedges of the 
second plurality 1620 are in radial alignment with every 6th wedge of the Si servo 
sample wedges of the first plurality 1610. More particularly, for example, Si wedge 
1614 is in radial alignment with Sz wedge 1622, whereas Si wedge 1612 is not in radial 
alignment with any S2 wedge. Also, Si servo sample wedges of the first plurality 1610 
are equally spaced apart circumf erentially around disk 1600 by a first angle 81, whereas 
S2 servo sample wedges of the second plurality 1620 are equally spaced apart 
circumferentially around the disk by a second angle 82 = 81 * Ni. In this specific 
example, 81 = 30 degrees and therefore 8 2 = 81 * Ni = 30 * 6 = 180 degrees. 

As described herein, the present invention involves a recordable disk having a 
first plurality of Si servo sample wedges in a first servo zone at an outermost position 
on the disk, and a second plurality of S2 servo sample wedges in a second servo zone 
which is radially adjacent the first servo zone, where S2 = S1/N1. The Si servo sample 
wedges of the first plurality are equally spaced apart circumferentially around the disk 
by a first angle 81, and the S2 servo sample wedges of the second plurality being equally 
spaced apart circumferentially around the disk by a second angle 8 2 = 81 * Ni. The S2 
servo sample wedges of the second plurality are in radial alignment with every Nith 
wedge of the Si servo sample wedges of the first plurality. Preferably, Ni = 2. 
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The recordable disk may have additional servo zones patterned in the same 
manner. For example, the recordable disk may have a third plurality of S3 servo 
sample wedges in a third servo zone which is radially adjacent the second servo zone, 
where S3 = S2/N2. The S3 servo sample wedges of the third plurality are equally spaced 
5 apart circumferentially around the disk by a third angle 83 = 0 2 * N 2 . The S3 servo 
sample wedges of the third plurality are in radial alignment with every N 2 th wedge of 
the S2 servo sample wedges of the second plurality. Advantageously, the number of 
M servo samples are increased at the outer position of the disk for improved head 
D positioning without increasing the number of servo samples at the inner position which 

"Hi 

l$l would undesirably decrease storage capacity, in such a way that does not require 
m significant changes to servo hardware and software. 

3 Put another way, a recordable disk has a first plurality of Si servo sample 

wedges and a second plurality of servo sample wedges. The first plurality of Si servo 

S sample wedges are equally spaced apart circumferentially around the disk, where each 

15 wedge of the first plurality of Si servo sample wedges contiguously radially extends 
from an outermost position on the disk to an innermost position on the disk. The 
second plurality of S2 servo sample wedges are equally spaced apart circumferentially 
around the disk and interleaved with the first plurality of Si servo sample wedges, 
where each wedge of the second plurality of S2 servo sample wedges contiguously 

20 radially extends from the outermost position on the disk to a first intermediate position 
on the disk in between the outermost and innermost positions. Preferably, Si = S2. The 
recordable disk may be patterned in a similar manner with additional servo sample 
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wedges. For example, the recordable disk may have a third plurality of S3 servo 
sample wedges which are equally spaced apart circumferentially around the disk and 
interleaved with the second plurality of S2 servo sample wedges, where each wedge of 
the third plurality of S2 servo sample wedges contiguously radially extends from the 
5 outermost position on the disk to a second intermediate position on the disk in between 
the outermost position and the first intermediate position. Preferably, S3 = Si + S2. 

A method of writing servo samples on a recordable disk involves the acts of 
□ writing a first plurality of Si servo sample wedges in a first servo zone at an outermost 
Si position on the recording disk; and writing a second plurality of S2 servo sample 

jj Fa 

lP wedges in a second servo zone which is radially adjacent the first servo zone, such that 
" r the S2 servo sample wedges of the second plurality are in radial alignment with every 
ry Nith wedge of the Si servo sample wedges of the first plurality, where Si, S2, and Ni are 
W integers > 2 and S2 = S1/N1. Preferably, N a = 2. The act of writing the first plurality of 
2 ~ Si servo sample wedges may further involve writing such that the Si servo sample 
15 wedges of the first plurality are equally spaced apart circumferentially by a first angle 
0i; and the act of writing the second plurality of S2 servo sample wedges may further 
involve writing such that die S2 servo sample wedges of the second plurality are 
equally spaced apart circumferentially by a second angle 9 2 , where 62 = 0i * Ni. 

The method may include the further acts of writing a third plurality of S3 servo 
20 sample wedges in a third servo zone which is radially adjacent the second servo zone, 
such that the S3 servo sample wedges of the third plurality are in radial alignment with 
every N 2 th wedge of the S2 servo sample wedges of the second plurality, where S3 is an 
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integer and S3 = S2/N2. Preferably, N 2 = 2. Here, the act of writing the third plurality 
of S3 servo sample wedges may further involve writing such that the S3 servo sample 
wedges of the third plurality are equally spaced apart circumferentially by a third 
angle 03/ where 63 = 0 2 * N2. 
5 Finally, a method of track following a recordable disk having a first plurality of 

Si servo sample wedges in a first servo zone and a second plurality of S2 servo sample 
wedges in a second servo zone, wherein the Si servo sample wedges of the first 

J!' plurality are equally spaced apart circumferentially around the disk by a first angle Oi 

D 

■ % i and the S2 servo sample wedges of the second plurality are equally spaced apart 

lG circumferentially around the disk by a second angle 0 2 , includes the acts of performing 
a track following operation based on detecting Si servo samples per disk revolution in 

si: 

Si the first servo zone; and performing a track following operation based on detecting 

La. 

y S1/N1 servo samples per disk revolution in the second servo zone, where S2 = S1/N1 
ru and Si, S2, and Ni are integers > 2. 

15 It is to be understood that the above is merely a description of preferred 

embodiments of the invention and that various changes, alterations, and variations may 
be made without departing from the true spirit and scope of the invention as set for in 
the appended claims. None of the terms or phrases in the specification and claims has 
been given any special particular meaning different from the plain language meaning 

20 to those skilled in the art, and therefore the specification is not to be used to define 
terms in an unduly narrow sense. 
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What is claimed is: 
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